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claims the benefit of priority to German Application No. DE 
10316291.7, filed on April 9, 2003. 



10 The present invention relates to a method for controlling 
an internal combustion engine having an intake duct with at 
least one cylinder, an exhaust gas duct and inlet and ex- 
haust values assigned to the cylinder. 



In combustion engines, when the inlet valves are opened, 
residual gas flows back into the intake duct. The fresh air 
to fill the cylinder thus contains a certain proportion of 
residual gas, which has to be taken into consideration when 
20 calculating the fresh air mass. 

DE 198 44 085 CI discloses a method for controlling an in- 
ternal combustion engine as a function of an exhaust gas 
pressure. The method includes the step of calculating, with 
25 the aid of a model, an induction manifold pressure in the 
intake duct and the air mass flow into a cylinder. A cor- 
rection factor is provided for the mean exhaust gas pres- 
sure during valve overlap, and is dependent on a center of 
gravity angle of the valve overlap. 



EP 1 030 042 A2 discloses a method of determining cylinder 
filling of an engine without throttle. This method takes 
account of the fact that the residual gas pushed back into 
the inlet duct in front of the upper dead point is taken in 
35 again only after the intake operation. Assuming a so-called 
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stopper model, the intake valve surface situated in front 
of the upper dead center is doubled and subtracted from the 
maximal valve opening surface. 

5 SUMMARY OF THE INVENTION 

The invention provides a method for controlling an internal 
combustion engine which reliably takes into account the re- 
sidual gas flowing back into the inlet duct using simple 
means when determining the fresh air mass, especially in 
10 the case of valve overlap. 

In one embodiment according to the invention, two critical 
values are provided for the induction manifold absolute 
pressure, in which the fresh air mass recorded and calcu- 

15 lated in the model changes its dependency. Below the first 
and smaller critical value the recorded air mass is deter- 
mined as proportional to the induction manifold pressure. 
The higher the induction manifold pressure, the larger the 
recorded fresh air mass. Above the second critical induc- 

20 tion manifold pressure value the recorded fresh air mass is 
once again assumed as proportional to the induction mani- 
fold pressure. Nevertheless a constant value is added in 
this area to the fresh air mass resulting from the propor- 
tionality. The proportionality factor here can be the same 

25 or different. In a transitional area between the critical 
values the recorded fresh air mass is modeled as non- 
linearly dependent on the induction manifold pressure. In 
the invention, the dependency of the recorded fresh air 
mass on the induction manifold pressure is divided into two 

30 linear sections, between which a non-linear characteristic 
is envisaged. 

In a preferred embodiment, the in-flowing air flow mass is 
determined in the intermediate area as a function of the 
35 quotient of induction manifold pressure and exhaust gas 
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back pressure. This dependency is based on the considera- 
tion that in-flowing fresh air and out-flowing residual gas 
behave the same at the inlet valve as at a throttle point, 
so that the through-flow quantity essentially depends on 
5 the pressure quotient. Preferably the value dependent on 
the quotient is multiplied by a factor dependent on the 
speed and the valve overlap. 

Furthermore it has proved advantageous for the transitional 
10 area to determine the non-linear characteristic as a func- 
tion of the valve overlap and the engine speed. 

In a preferred embodiment of the invention, the proportion- 
ality factor between in-flowing air mass and induction 

15 manifold pressure is made dependent on the speed and/or the 
position of the crankshaft when closing the inlet valve. To 
model the displacement between the linear areas, it has 
proved especially advantageous in a development of the in- 
ventive method to provide a first and second constant. Both 

20 constants are dependent on the speed, the first constant 

being dependent on a value for the valve overlap, while the 
second constant depends on the position of the crankshaft 
when closing the exhaust valves. 

25 In another preferred embodiment of the invention, a pres- 
sure loss dependent on the speed of flow in the induction 
manifold is taken into account to determine the fresh air 
mass flowing into the cylinder. This correction term for 
the air mass is based on the consideration that an air mass 

30 flowing through the induction manifold at high speed ex- 
periences a pressure loss which increases quadratically 
from the speed of flow. This connection is described for 
ideal liquids by the BERNOULLI equation. 
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To implement the method it has proved advantageous to take 
account of the pressure loss dependent on the speed of flow 
as a function of one or more variable stored in a control 
device. Account is preferably taken here of the geometry, 
5 the duct resistance, position of a swirl flap, valve dis- 
placement, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention is described in greater detail below on the 
10 basis of a preferred exemplary embodiment. The figures 
show: 

Fig. 1 show a diagrammatic view of an internal combustion 
engine . 

15 

Fig. 2 show characteristics of the in-flowing air mass in 
a cylinder as a function of the induction manifold 
pressure . 

20 Fig. 3 show a block diagram for the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Figure 1 shows an internal combustion engine 10 with a 
cylinder by way of example. The invention can of course 

25 also be used for internal combustion engines with more than 
one cylinder. Fresh air is drawn in via an intake duct 12. 
The temperature of the fresh air is recorded using a 
temperature sensor 14. The incoming fresh air is for 
example measured by the air mass sensor 16. It is likewise 

30 possible to provide a pressure sensor as a charge sensor 
instead of an air mass sensor, the pressure sensor being 
positioned between throttle valve and inlet valve. A 
throttle valve 18 controls the air mass flow into the inlet 
duct. To provide better control, the angular position of 

35 the throttle valve is measured by a sensor 20. 
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The fresh air enters the interior of the cylinder 24 via an 
inlet valve 22. 

5 The cylinder 26 is shown schematically and has a piston 28 
with a connecting rod 30 , which drives the crankshaft 32. 
The speed of the crankshaft 32 is recorded by a speed sen- 
sor 34. 

10 The fuel injection is not shown in greater detail in the 
figures. The injected fuel is ignited using the ignition 
unit 36. Following ignition the residual gas is released 
into the exhaust gas duct 40 via the outlet valve 38. In 
the exhaust gas tract a lambda probe 42 measures the oxygen 

15 content contained in the exhaust gas. 

The internal combustion engine is controlled by means of an 
engine control unit 44. The input variables present at the 
engine control unit 44 are the speed, the throttle valve 
20 angle, the oxygen content and the ambient temperature of 

the fresh air drawn in. Additionally the measured value for 
the fresh air drawn in is also present. 

Figure 2 shows the model approach to the air mass flow into 
25 the cylinder as a function of the pressure in the induction 
manifold. If a pressure in the induction manifold is 
smaller than the first critical pressure PI, the air mass 
flow drawn in is modeled as proportional to the intake 
pressure. Examination of the set zero points along the axes 
30 shows that an air mass flow does not start in the cylinders 
until a certain minimum pressure is reached. 
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Above the second critical pressure P2 the air mass drawn in 
is again determined as proportional to the intake pressure, 
the straight line which follows the air mass flow being 
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offset by an amount OFF2 compared to the original straight 
line. The straight lines are not necessarily parallel, but 
can also have different gradients. In the transition area 
between the pressure PI and P2 the behavior is non-linear, 
and depends on the quotient of the intake pressure to the 
exhaust gas pressure in the form of a PSI functionality. 
The value of the offset OFF2 depends on the speed, the 
valve overlap VO and the quotient from induction manifold 
absolute pressure and exhaust gas pressure. 



Unlike previous calculations of the air mass flowing into 
the interior of the cylinder 24, the invention takes ac- 
count of the residual gas flowing back during the overlap 
phase in the mass balance. Of importance for this propor- 
15 tion which flows back when the inlet valve is opened are 
the valve control times, the ratio between inlet pressure 
and exhaust gas back pressure (at this moment this corre- 
sponds approximately to the combustion chamber pressure) 
and the time during which these conditions apply. 



Figure 3 shows a block diagram for the invention. Before 
this block diagram is explained in greater detail, the 
physical model on which the block diagram is based should 
be described. 



The mass flow in the cylinder is generally a function of 
the speed, the pressure in the intake duct P im , the camshaft 
position when closing the inlet valves ES and the camshaft 
position when closing the exhaust valves AS. To suitably 
30 parameterize this complex dependency for the control of the 
internal combustion engine, the following approach has 
proved particularly advantageous: 



dt 



2£ = n s (N,ES)- Pim - /7 01 (N, VO)- n o2 (N, AS)+ n bf (n, vo). g 
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In this approach the speed N, the induction manifold abso- 
lute pressure p im and exhaust gas back pressure p ex are 
available as measured variables or are calculated by the 
5 engine control unit as a model value. The valve overlap is 
designated by VO, it being possible to measure the camshaft 
pressure or calculate it in the model. 

In this approach the individual values can be stored in the 
10 characteristic fields and used for continuous calculation 
of dm cyl0 /dt and p im . The curve of the characteristic lines is 

determined for an internal combustion engine by raster 
measurement or by means of targeted selection of particular 
operating points , for example by means of designs of ex- 
15 periments (DOE) . 

When calculating the gradient 77 S (N,ES) and the constants 

77 01 (N,VO) and T7 02 (N,AS) the low to average induction manifold 

absolute pressures are essentially taken into account. The 
20 dominant proportion for the air mass flow in the cylinder 
is : 

= ri s (N, ES) . Pim - noI (N, VO) - no2 (N, AS) 

25 Since the difference from the exhaust gas back pressure is 
the greatest at low induction manifold absolute pressures, 
the greatest volume of residual gas is pushed back into the 
intake duct under these conditions, as a result of which 
less fresh air reaches the combustion chamber until the end 

30 of the charge cycle. 

The main influence on the total mass pushed back to the in- 
take duct is, besides the valve control times and the pres- 



sure ratio, the available time. This also explains why this 
effect is particularly evident at low speeds. 

With known characteristic figures for gradient and dis- 
5 placement, the fresh air drawn in can be well calculated up 
to a first critical variable PI. As the induction manifold 
pressure increases, ever greater deviations occur between 
what is actually drawn in by the engine and the linear de- 
pendency described above for the calculated fresh air 
10 charge. This is caused by the declining pressure difference 
as the induction manifold absolute pressure increases be- 
tween induction manifold and exhaust gas line. This devia- 
tion is taken into account by the following expression: 



In order to determine the variables the air mass flow into 
the cylinder is measured and is adjusted to the increasing 
intake manifold absolute pressure. 

20 

Once the characteristic lines have been determined and 
stored in a control unit, the intake pressure and the air 
mass flow into the cylinders can be continually calcu- 
lated. As shown in Fig. 3, the constants r| 01 (N,VO) and 

25 r| 02 (N,EC) are determined in a module 4 8 of the control unit 
46. Furthermore, the gradient t] s (N,IC) is also calculated, 
whereby IC here designates the angular position when clos- 
ing the inlet valve, EC the angular position when closing 
the exhaust valve and VO 66 the valve overlap. The angular 

30 position when closing intake and exhaust valve, as well as 
the angular overlap VO 66 are present at the control module 
48 as input variables. The gas temperature 52 from the 
inlet duct is also present. The ambient pressure pamb 54 is 
taken into account, as is the speed 56. Also present at the 
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module 48 are the values determined in the last method step 
for the in-flowing air mass 58 and the pressure in the 
inlet area 60. The term dependent on the quotient of the 
pressure in the inlet and the exhaust duct is determined in 
5 order to determine the non-linear transition area. To this 
end, the pressure in the exhaust duct 64 and the pressure 
in the inlet duct 60 calculated by the model in the previ- 
ous step is present as an input variable. Likewise the 
value calculated in the previous method step for the mass 
10 flow into the cylinder is also present at the unit 62. 

A new value for the air mass flow into the cylinder and for 
the pressure in the inlet duct is calculated in the block 
68 from the variables determined in this way. The duration 

15 of a segment 70 calculated in a previous step 72 can also 
be taken into account here. Additionally, where exhaust gas 
recirculation is present, the mass flow dm EG R/dt 74 arising 
from the exhaust gas recirculation is also taken into ac- 
count. With the aid of the throttle valve angle 76 the re- 

20 duced cross-sectional area 78 in the inlet duct is deter- 
mined, so that in the case of high flow speeds the speed- 
dependent flow losses are taken into account. In order to 
determine the gas density in the inlet duct the gas tem- 
perature 80 in the intake duct is also present at the inlet 

25 duct. 



What is claimed is 



